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• Write a balanced equation for the dissolution of Mn(ClO4)2 in water. Mark
s
3

• Complete the following table.

Formula Systematic Name

FeCl3⋅6H2O

ammonium carbonate

K2Cr2O7

lead(IV) oxide

• The first step in the preparation of lead from its ore (galena, PbS) involves roasting the ore.
2PbS(s)  +  3O2(g)  →  2SO2(g)  +  2PbO(s).  Calculate the standard enthalpy change for
this reaction.

Data: ∆Hf° PbS(s) = –98.3 kJ mol–1 ∆Hf° PbO(s) = –219.0 kJ mol–1

∆Hf° SO2(g) = –296.8 kJ mol–1

3

∆H° =

• Briefly explain how addition of a solution of a large cation can result in the coagulation of a
colloid.

2

• Draw the Lewis structure for carbonyl chloride, COCl2.
2
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• The sugar stachyose is found in the seeds of several leguminous plants.  A solution
containing 100 mg of this compound in 10.0 mL of water has an osmotic pressure of 0.351
atmosphere at 285 K.  Calculate the molar mass of stachyose.

Mark
s
3

Answer:

• A component of the buffering action in blood plasma is due to the hydrogencarbonate ion /
carbonic acid equilibrium.  The hydrogencarbonate ion concentration in a sample of blood
plasma was found to be 0.0230 M.  Calculate the concentration of carbonic acid in this
sample if its pH is 7.30 at 37 °C.  The pKa of H2CO3 is 6.10 at 37 °C.

3

Answer:

• Write equations to show what happens to a buffer solution containing equimolar amounts of
HPO4

2– and H2PO4
– , when (a) H3O+ is added, (b) OH– is added.

2

(a)

(b)
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• The hydrolysis of table sugar (sucrose) occurs by the following overall reaction.

C12H22O11(aq)  +  H2O(l)      →     C6H12O6(aq)   +   C6H12O6(aq)
(sucrose)                                    (glucose)              (fructose)

A nutritional biochemist studied the kinetics of the process and obtained the following data.

Mark
s
6

sucrose (M) time (hours)

0.501 0

0.451 0.50

0.404 1.00

0.363 1.50

0.267 3.00

The reaction is first order with respect to sucrose.

(a) Use the above data to determine the rate constant and the half-life of the reaction.

k = t½ =

(b) How long does it take to hydrolyse 75% of the sucrose?

Answer:

(c) Other studies have shown that this reaction is actually second order, but appears to
follow first order kinetics.  (Such a reaction is termed a pseudo first order reaction.)
Suggest a reason for this apparent first order behaviour.
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• Complete the following table. Mark
s
7

STARTING MATERIAL REAGENT/CONDITIONS
CONSTITUTIONAL

FORMULA(S) OF MAJOR
ORGANIC PRODUCT(S)

 

OH

 

 

 

 

 

 
 

 

 

O

O
 

 

 Dilute NaOH
 heat

 

 

 

 

 

Cl

O

 

 

 

 

  

N

O

CH3

CH3

 

OCH3H3CO

 

 

 H+ / H2O
 heat

 

 

 

 

 
 

 

 

 Br2 in CCl4 solvent
 

 

 

 

 

  

 

 K2Cr2O7 / H2SO4

 

 
 O

OH

 

OHBr

 

 

 Cold dilute NaOH
 

 

 

 

 

 

 
 



CHEM1405 2001-J-6 June 2001

 

• The structure of dAMP, a nucleotide
important in DNA synthesis, is shown
on the right.  Hydrolysis of dAMP by
heating in 3 M HCl produces adenine
and β-D-2-deoxyribofuranose.

 

N

NN

N

NH2

O

OH

OP

O

O

O

Mark
s
5

Give the constitutional formula of
β-D-2-deoxyribofuranose.

β-D-2-Deoxyribofuranose is in
equilibrium with another cyclic
furanose.  Give the structure and
name of this sugar.

Name:

Give the structure of adenine and the structure of one tautomer of adenine.

adenine tautomer
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• The structure of the amino acid lysine is
shown on the right.

H2N NH2

CO2H

lysine

Mark
s
6

The pKa values of lysine are 2.18 (α-COOH), 8.95 (α-NH3
+), 10.79 (sidechain).  Give the

structures of the predominant species present in a water solution of lysine at pH 2.18 and
pH 13.00.

pH 2.18 pH 13.00

Give the constitutional formula of the dipeptide Lys-Lys as the zwitterion.

• Give the constitutional formula of (E)-1-bromo-2-pentene. 1

• Name the following compound. 1

OH
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• Organic compounds may be readily separated in the laboratory by extraction methods
using acid-base chemistry.  Complete the following flowsheet by showing the constitutional
formulas of all species that will be present in the aqueous and organic phases and hence
show how a mixture of naphthalene, 2-hydroxynaphthalene and
2-phenylethylamine could be separated.

 Mark
s

 6
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Numerical Data

Physical constants

Planck constant = h = 6.626 × 10–34 J s

Speed of light in vacuum = c = 2.998 × 108 m s–1

Avogadro constant = NA  = 6.022 × 1023 mol–1

Ideal gas constant  = R = 8.314 J K–1 mol–1

                                  = 0.08206 L atm K–1 mol–1

Conversion factors

1 nm =  10–9 m 1 L = 10–3 m3

1 kJ = 103 J 1 mL = 10–3 L

1 mg = 10–3 g 1 Hz = 1 s–1

Acid ionisation constants

H3PO4 pKa, 1 = 2.15 pKa, 2 = 7.20 pKa, 3 = 12.38

Useful equations

E = hν = hc / λ λ = h / mu

∆G = ∆H – T∆S

π  = iMRT

pH = –log[H+] pOH = –log[OH–] pH + pOH = 14

Henderson-Hasselbalch equation: pH = pKa + log([conj base]/[acid])

For first order integrated rate law: ln[A]0 – ln[A]t = kt

t½ = ln2 / k

A periodic table is printed on the other side of this data sheet.
Atomic weights are included in the periodic table.


